INTRODUCTION
============

The emerging problem of antibiotic resistance is an international concern that affects global medical progress and poses a continuous challenge for physicians worldwide \[[@B1],[@B2]\]. Beside the problem of resistance, the antibiotic therapy poses risks of serious complications, involving drug-related adverse effects and allergic reactions \[[@B3],[@B4]\]. Despite persistent efforts of control, antibiotic misuse and increasing counts of prescriptions are primarily responsible for the negative development. In Europe 7 - 9% of all dispensed antibiotics in the primary care are prescribed by general dental practitioners (GDPs) \[[@B5]\]. Lithuania demonstrates an overall decline in numbers of antibiotic usage in the primary care sector. Nonetheless, prescription trends to certain antibiotic classes can be observed \[[@B6]\]. Antibiotic therapy regularly involves the utilization of systemic broad-spectrum agents, against recommendations of guidelines and on basis of clinical symptoms that do not justify their usage. In spite of their limited therapeutic value, the inadequate prescribing practices of systemic antibiotics in endodontic therapy have been thoroughly described in present studies and the available literature \[[@B5],[@B7]\]. In order to design effective interventions to optimize antimicrobial prescribing in the dental practice, analysis of causes for the inappropriate usage is needed and influencing factors have to be understood \[[@B5]\]. In the light of recommendations, presented in the position statement of the European Society of Endodontics \[[@B3]\], the aim of this study was to provide a study on the prescription behaviour of Lithuanian general dental practitioners, concerning the systemic antibiotic therapy of endodontic infections.

MATERIAL AND METHODS
====================

The study was conducted in the period of one month, from January until February 2019. For the collection of data, a questionnaire was mailed to 1269 Lithuanian dental practitioners, registered at the Lithuanian Dental Chamber, which gave their consent to the processing of personal data according to the EU General Data Protection Regulation, of which 213 accepted the invitation to participate. The questionnaire was carried out anonymously without identification of participants. Confidentiality and protection of research data was assured at all times. All participants have read the accompanying paper and given their consent to the surveying process. Ethical approval of the study was granted by the Bioethics Centre of the Lithuanian University of Health Science, Kaunas in December 2018 (approval no. BEC-OF-52). Together with a short summary and purpose of the study, the questionnaire consisted out of 10 single-choice and 4 multiple-choice questions divided into an introductory part, concerning general information of participants and a clinical part with focus on methods of antibiotic usage in endodontic therapy. Clinicians have been asked to indicate diagnostic findings and forms of pathology, validating the systemic antibiotic aid according to their own clinical work. One question included a clinical case, in which the participants have been asked to list steps of treatment according to their individual assessment. Furthermore, participants had to indicate favoured first- and second choice antimicrobial agents as well as antibiotics chosen for patients with a history of allergies to beta-lactams. The clinical part of the survey was prepared on basis of criteria, presented in the guidelines of the European Society of Endodontology \[[@B3]\]. From the 213 enrolled dentists that accepted the invitation to participate in the study, a total of 198 practitioners licensed as GDP (excluding dental specialists) were included in the statistical analysis. Considering the geographic distribution of the respondents, both dentists from rural and urban areas of Lithuania are represented within the sample. For improved comparison and association of variables during the statistical analysis, the sample has been sorted into smaller groups, concerning their age, working experience and type of dental practice. Demographics of the sample are presented in [Table 1](#T1){ref-type="table"}. A summary of the surveying process and study population is illustrated in [Figure 1](#fig1){ref-type="fig"}.

###### 

Demographics of the sample (n = 198)

  --------------------------------------------------
  Characteristic                        Frequency\
                                        number (%)
  ------------------------------------- ------------
  **Practitioner gender**               

                                        

  Male                                  33 (16.7)

                                        

  Female                                165 (83.3)

                                        

  **Practitioner age**                  

                                        

  \< 29                                 64 (32.3)

                                        

  30 - 39                               49 (24.7)

                                        

  40 - 49                               28 (14.1)

                                        

  \> 50                                 57 (28.8)

                                        

  **Years of clinical activity**        

                                        

  1 - 5                                 67 (33.8)

                                        

  6 - 10                                33 (16.7)

                                        

  11 - 20                               22 (11.1)

                                        

  \> 20                                 76 (38.4)

                                        

  **Type of dental practice**           

                                        

  Private practice                      126 (63.6)

                                        

  Community dental service              30 (15.2)

                                        

  Both, private and community service   42 (21.2)

                                        

  **Practice location**                 

                                        

  Urban area                            141 (78.3)

                                        

  Rural area                            39 (27.9)

                                        

  Missing                               18 (9.1)
  --------------------------------------------------
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**Statistical analysis**

In the statistical analysis, relationships between two categorical variables were tested using Pearson's Chi-squared test of independence. The relation between variables was significant when P \< 0.05. When Chi-square assumptions were not met, Fisher's exact test was performed. The sample size was determined using priori probability. A sample size of 198 participants thereby allows to detect medium effect size of h = 0.4 at 0.8 power and α = 0.05.

RESULTS
=======

The majority of clinicians in this sample were found to prescribe systemic antibiotics in less than 20% of treated endodontic cases. Concerning this, practitioners working in the community dental service tend to utilize antibiotic agents more frequently than their colleagues in the private sector. The ratio of chosen antibiotic agents is demonstrated in [Figure 2](#fig2){ref-type="fig"}.
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For the initial antibiotic therapy, questioning of all participants has shown, that amoxicillin was chosen in 79% of cases, followed by co-amoxiclav (17%). Just 3% of all, in the study included, dentists preferred the initial treatment with penicillin V to other antimicrobial agents. Considering the second-choice prescribed antibiotic, co-amoxiclav has been found to be the favoured choice in 54% of cases. Exclusively 16% stated to prescribe clindamycin. Statistical analysis of association revealed, that the preference of clavulanic acid combination over simple usage of amoxicillin is increasing relative to the participants age (P = 0.016) and working experience (P = 0.008) ([Table 2](#T2){ref-type="table"}).

###### 

Frequency of amoxicillin (AMX) and amoxicillin clavulanate (AMC) prescriptions relative to participants age (P = 0.016) and years of clinical activity (P = 0.008)

  ---------------------------------------------------------------------------------------------------
  Study population\               Amoxicillin   Amoxicillin clavulanate   P value^a^          
  (n = 198)                                                                                   
  ------------------------------- ------------- ------------------------- ------------ ------ -------
  **Participants age**                                                                        

                                                                                              

  Below 40 years                  95            88                        13           12     0.016

                                                                                              

  Above 40 years                  61            74.4                      21           25.6   

                                                                                              

  **Time of clinical activity**                                                               

                                                                                              

  1 - 10 years                    85            89.5                      10           10.5   0.008

                                                                                              

  More than 10 years              71            74.7                      24           25.3   
  ---------------------------------------------------------------------------------------------------

^a^Statistically significant at P \< 0.05 (Fischer\'s exact test).

N = number (total AMX = 156; AMC = 34).

In the matter of antibiotic usage for patients with allergy to beta lactams, every second GDP (54%) stated clindamycin as therapeutic agent of choice. 31% of respondents indicated macrolides and 15% prescribed cephalosporins for this group of patients. Concerning endodontic pathologies and identification of clinical findings ([Table 3](#T3){ref-type="table"}), 90% of dentists stated the diagnosis of symptomatic apical periodontitis with spreading infection to the periosteum and 17% symptomatic apical periodontitis without further progression as indication criteria for the usage of systemic antibiotics. Prescriptions for symptomatic pulpitis were reported by less than 1% of all participants. 60% identified the usage for localized acute apical abscesses, however 8% for abscesses without systemic involvement.

###### 

Most common diagnoses and clinical findings for systemic antibiotic usage in endodontic therapy as reported by Lithuanian general dental practitioners

  ----------------------------------------------------------------------------------
                                                                    **Frequency**\
                                                                    **(%)**
  ----------------------------------------------------------------- ----------------
  Symptomatic apical periodontitis with periostitits                90.4

                                                                    

  Cellulitis, spreading infection                                   55.1

                                                                    

  Acute apical abscess with sign of systemic infection              54

                                                                    

  Symptomatic apical periodontitis                                  16.7

                                                                    

  Acute apical abscess without systemic involvement                 8.1

                                                                    

  Symptomatic pulpitis                                              0.5

                                                                    

  **Clinical finding**                                              

                                                                    

  Osteomyelitis                                                     90.9

                                                                    

  Elevated body temperature                                         88.9

                                                                    

  Localized fluctuant swelling                                      56.6

                                                                    

  Lymphadenopathy                                                   51.5

                                                                    

  Repeated exudation after root canal treatment                     46

                                                                    

  Localized fluctuant swelling (in absence of systemic infection)   6.5

                                                                    

  Pain to percussion and biting                                     5.6

                                                                    

  Non vital teeth                                                   3

                                                                    

  Periapical radiolucency                                           2

                                                                    

  Widening of periodontal space                                     1
  ----------------------------------------------------------------------------------

Therapeutic assessment of an abscess with discrete localized swelling in absence of symptoms of spreading infection has shown that 48% of all practitioners would consider broad-spectrum antibiotics for the given pathology. 52% have been found to perform incision and drainage of the abscess without further measures. Alone 5% stated to take samples for microbiologic analysis. In regards of clinical experience, the association of nominal values estimated that practitioners with less years of clinical activity were more likely to prescribe antibiotics for spreading infections, than their associates with more than 10 years of practice (P \< 0.001). Regarding the diagnosis of clinical findings, osteomyelitis, signs of systemic infection and the presence of inflammatory exudate after initial root canal therapy, were among the list of symptoms validating the prescription. Only 6% stated pain to percussion and biting, signs often associated with acute apical periodontitis. In terms of patient groups of special prophylactic need, immunological compromised patients diagnosed with apical abscess (79%), patients with history of infective endocarditis (87%), rheumatic heart diseases (54%) and orthopaedic implants (25%), were among the selected sub-groups in demand of antibiotic prophylaxis during the endodontic treatment.

DISCUSSION
==========

Putting the obtained results of this sample in relation with other European countries shows, that the mean of antimicrobial prescription numbers was relatively lower than those found in the UK or Turkey \[[@B5],[@B8],[@B9]\]. Yet received data of prescription criteria gives reason to assume, that recommended indications are not implemented by all participants. Clinical trials provide evidence, that antibiotics do not relief pain or swelling in the therapy of apical pathologies without systemic involvement. In fact, due to the restricted blood flow within infected root canals, systemic antibiotics cannot effectively reach the therapeutic area to erase microorganisms \[[@B10]\]. Acute apical abscesses and localized fluctuant swellings are preferably managed mechanically by means of root canal treatment or drainage after incision or tooth extraction. The adjunctive aid of antibiotics in addition to local procedures is only recommended in specific cases, to stop infections from spreading via interstitial and tissue spaces and must be monitored carefully, as antimicrobial agents may be ineffective or insufficient for the treatment \[[@B3],[@B10],[@B13]\]. However, when asked to provide therapy steps for the treatment of an abscess without indication of systemic infection, every second practitioner of the sample referred to empiric broad-spectrum antibiotics. Despite 17% of all surveyed GDPs have been found to utilize systemic antimicrobials for symptomatic apical periodontitis, obtained numbers were lower than those from previous years \[[@B14]\]. Contraindication of antibiotics for cases of symptomatic pulpitis was recognized throughout the sample, as it was stated by less than 1% of the respondents. In countries such as Spain and Croatia, the diagnosis of pulpitis still accounts for 22% and 7% of all cases in which antibiotics are prescribed \[[@B15],[@B16]\]. In the therapy of immunosuppressed or medically compromised patients, antibiotic prophylaxis may be considered in the attempt to prevent postoperative infections \[[@B17]\]. Concerning antibiotic prophylaxis in terms of infective endocarditis, the European Society of Cardiology presents the opinion, that the routinely antibiotic prophylaxis is no longer indicated and includes only individual cases of high-risk patients \[[@B18]\].

As compared with the data of previous studies, the number of amoxicillin prescriptions has increased. A decline in the use of narrow-spectrum penicillins was observed \[[@B14]\]. Association between antibiotic prescriptions and years of clinical activity has shown, that with increasing years of experience, clinicians were more likely to prescribe amoxicillin in combination with potassium clavulanate. Even though co-amoxiclav is a popular choice among European dentists, its usage should be prioritized for high-risk patients or as second choice agent only, as the risks of emerging bacterial resistance and adverse effects predominate due to its broad antimicrobial spectrum \[[@B3],[@B4],[@B10]\]. On basis of the literature, both penicillin and amoxicillin have been found suitable for the first-line antibiotic therapy of endodontic pathologies \[[@B10],[@B13],[@B19]\]. A comparative study on treatment outcomes of dentoalveolar infections could find no differences in the therapy with penicillin, amoxicillin or co-amoxiclav \[[@B20]\]. Common susceptibility of endodontic microorganisms to penicillin makes it a relevant option for the first-line therapy \[[@B19]\]. For patients with a history of allergies to beta-lactams, the usage of clindamycin is advised and cephalosporins are contraindicated due to the risk of potential cross-sensitivity \[[@B18]\]. Apart from that, lincosamides like clindamycin should not be considered routinely, as reports of microbial resistance showed association with methicillin-resistant *Staphylococcus aureus* (MRSA) \[[@B21]\]. Because of its unclear effectiveness and potential induction of resistance, antibiotics of the family of fluoroquinoles and glycopeptides are not recommended \[[@B18]\]. Last of all it is important to mention, that beside the analysed clinical criteria, also psychological factors such as time pressure, workload, or patient's expectation can negatively affect the clinician's decision to prescribe antibiotics \[[@B9]\]. Due to limitations in sample size it is recommended to repeat future studies with bigger samples, as some observed correlations were low. Yet due to its demographic variety, the sample can portray a representative cross section of Lithuanian general dental practitioners.

CONCLUSIONS
===========

Most antimicrobial agents were selected in accordance with the clinical recommendations. Prescription preferences from narrow-spectrum penicillin V to amoxicillin were observed. With increasing age and years of experience, dental practitioners were more likely to prescribe broad-spectrum antibiotic combinations, compared to their younger colleagues. Obtained averages of prescription numbers were not relatively higher than in other European countries. Yet in terms of prescription criteria and antibiotic composition, disparities in clinician's expertise were seen. Within the limitations of this study, it is suggested that further programs of postgraduate education address the antimicrobial therapy, to allude risks of inappropriate usage and improve the adaptation of available prescription guidelines.
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